Effect of temperature and magnetic field on the structure and magnetic properties of Fe 50.1 Mn 22.7 Ga 27.2 and Fe 51.6 Mn 17.8 Ga 30.6 alloys is investigated in a temperature range 100 K  T  580 K by using elastic neutron diffraction (ND) and magnetometry. The degree of atomic order as well as magnetic moments localized at the Mn and Fe sites in the investigated Fe 2 MnGa alloys are experimentally evaluated using the ND data. Some disagreement between the experimental and calculated values of magnetic moments localized at the Mn and Fe sites can be explained by noticeable atomic disorder in the prepared Fe 2 MnGa alloys. If antiferromagnetic order really exists in L1 2 -phase containing Fe 50.1 Mn 22.7 Ga 27.2 alloy, this order has not a collinear character.
INTRODUCTION
Significant interest to the stoichiometric and off-stoichiometric Fe 2 MnGa alloys is based on the discovery in these alloys of martensitic transformation [1] [2] [3] [4] [5] , metamagnetic transformation from antiferromagnetic (AFM) to ferromagnetic (FM) phase [6] [7] [8] [9] and giant exchange bias [6] [7] [8] .
Similarly to the temperature dependence of magnetization under metamagnetic transformation (i.e. growth of magnetization with temperature at low magnetic fields), it may be also observed for spin-glass systems. The authors made the conclusion on the formation of AFM magnetic order in the disordered (melt spun ribbons) -Fe 2 MnGa alloys on the basis of analysis of M(H) dependences taken at different temperatures after various heat treatments [6, 7] . However, no direct evidence of kind of AFM order (if any) in such alloys has yet been presented.
According to Zhu et This work aims to study the effect of temperature and magnetic field on the structure and magnetic properties of nearly stoichiometric Fe 2 MnGa alloys by employing mainly elastic neutron diffraction and magnetometry.
EXPERIMENTAL DETAILS
Two bulk polycrystalline Heusler Fe 2 MnGa alloys have been prepared by melting of the Fe, Mn and Ga pieces of 99.99% purity together in an arcfurnace with water-cooled Cu hearth under 1.3 bar Ar atmosphere. The Ar gas in the furnace before melting was additionally purified by multiple remelting of Ti 50 Zr 50 alloy getter. To promote the volume homogeneity, the ingot was remelted 5 times. Miserable weight losses after ingot meltings were observed. X-ray dispersion spectroscopy analysis revealed alloy compositions as Fe 50.1 Mn 22.7 Ga 27.2 and Fe 51.6 Mn 17.8 Ga 30.6 . Additionally as cast alloys were annealed at T  1220 K during 96 h.
The structural characterization of the samples was carried out at 100, 300 and 580 K for magnetic fields of 0 and 50 kOe by employing elastic neutron diffraction (ND) at Helmholtz Centre Berlin for Materials and Energy using Flat-Cone Diffractometer (E2) with PG (002) monochromator to produce monochromatic unpolarised neutron beam of   0.239 nm wavelength. Bulk Fe 2 MnGa alloy samples were mounted into aluminium container. Therefore, experimental ND spectra may contain diffraction peaks related to Al. Besides ND, the crystalline structure of alloys was also analysed using X-ray diffraction (XRD) in a -2-geometry with CuK  -radiation (  0.15406 nm).
The magnetic properties of bulk Fe 2 MnGa alloy samples were investigated for a temperature 2  T  400 K and magnetic field 0  H  70 kOe, by using PPMS-14T Quantum Design magnetometer, and for 80  T   825 K, temperature range by measuring DC-magnetic susceptibility.
RESULTS AND DISCUSSION
According to the results of XRD study, Heusler Fe 51.6 Mn 17.8 Ga 30.6 alloy has the disordered A2-type of structure (only principle
 2n] diffraction peaks 220, 400, and 422 are seen) with a lattice parameter of a  0.5844 nm. At the same time, XRD spectrum for Fe 50.1 Mn 22.7 Ga 27.2 alloy reveals that it is a mixture of the ordered L1 2 -type phase with a lattice parameter a  0.3703 nm and the disordered A2-type phase with a lattice parameter a  0.5844 nm (see Fig. 1 ). Taking into account the intensities of the most intense fundamental reflections for L1 2 Fig. 3 ). The coexistence of L2 1 -and L1 2 -phases in the off-stoichiometric Fe 2 MnGa alloys was also found in a quite large range of Fe 2 MnGa alloy compositions [1, 9] .
L2 1 -structure of full Heusler X 2 YZ alloys can be comprised as four interpenetrating f.c.c. sublattices A, B, C, and D [10] . In this view, A and C sites of full Heusler Fe 2 MnGa alloy entirely occupied by X (Fe) atoms, but B and D sites occupied by Y (Mn) and Z (Ga) atoms, respectively. For such a structure, permitted Bragg reflections are those for which Miller indices are unmixed, i.e. all odd or all even. They have the following structure amplitudes F: Tables 1  and 2 .
If the atomic disorder appears randomly in ternary alloys (like Fe 2 MnGa), all the superstructure lines will be reduced in the intensity by factor  2 , where  is the degree of long-range order [13] . However, if preferential disorder occurs only between certain sites, then 2 groups of superlattice reflections will be affected differently, and it is not possible to describe the state of order in terms of a single ordering parameter [10, 14] . In such case, the total state of order may be represented by two factors S and  [14] . I super /I fund , structure Fig. 4 ). Further increase in temperature causes rapid growth of (T) above T  400 K. Similar temperature dependence is also observed for magnetization of Fe 2 MnGa alloys measured at weak (H  50 Oe) polarizing magnetic field (see Fig. 5 ).
Any structural transformation as a origin of such changes in (T) and/or M(T) at T  300-400 K is unlikely because of lack of any visible qualitative changes in ND spectra with temperature (see Fig. 3 ). The growth with temperature of (T) or/and M(T) above T  300-400 K was observed earlier in -Fe 2 MnGa alloys of similar composition and explained mostly by metamagnetic phase transition from AFM to FM magnetic order in L1 2 -phase of alloy [6] [7] [8] [9] 18] .
Application of the external magnetic field of H  50 kOe drastically changes M(T) dependences for both alloys. Significant polarizing magnetic field suppresses the AFM order in L1 2 -phase of Current opinion on AFM-to-FM transition as the reason of (T) and/or M(T) behaviour at low magnetic fields is supported mainly by the measurements of M(H) hysteresis loops at different temperatures [6, 7] . However, to the best of our knowledge, any direct evidence of AFM order existence at low magnetic fields was presented.
The formation of the AFM order with antiparallel alignment of magnetic moments (if any) should be accompanied with doubling of the plane spacing of 'magnetic lattice' commensurate with L1 2 -type lattice and hence should lead to an appearance of additional diffraction peaks in the small-angle region. However, it can be seen that no additional reflections appear in the small-angle region of ND spectra taken at T  300 K and even T  100 K without external magnetic field (see Fig.  3 ). Consequently, if AFM order is really formed in Fe 50.1 Mn 22.7 Ga 27.2 alloy, it has not collinear but probably more complicated (like in rareearth metals) character.
The coherent neutron diffraction peaks of ferromagnetic alloys con- tain both nuclear and magnetic contributions to the resulting structure factor of elastic neutron scattering. For unpolarised neutrons, the magnetic and nuclear scattering intensities are additive, and the total structure factor F is given by the equation:
where q is magnetic interaction vector given by:
where  is the angle between magnetization M and scattering vector E. For polycrystalline cubic samples in the absence of external magnetic field only an average value of q 2 is equal to 2 av 2/3 q  for all reflections [10] . If, however, the magnetization is aligned along the scattering vector then q 2  0; the magnetic scattering is effectively extinguished and
. In our case, magnetic field was directed normally to scattering vector. Therefore, q 2  1. Thus, one can write:
The intensities of the odd peaks depend only upon the magnetic moments at the Mn sites whereas the intensities of the even superlattice peaks depend upon the difference in the magnetic moments localized at the Mn and Fe sites [14] . Figures 6 and 7 show the effect of polarizing magnetic field on the ND spectra of Fe 51. 6 For magnetic scattering, the structure amplitudes in Eqs. (7)- (9) are written in terms of magnetic scattering length p. The p is related to the atomic moment  (in Bohr magnetons  B ) by the equation:
where f  is the magnetic form factor correction at the angle of reflection [14] . The magnetic form factor corrections f  for the Fe and Mn atoms at 2  41.3 (4sin/  1.85 Å 1 ) are equal to 0.8 and 0.75, respectively [15, 16] . Fig. 8 ) alloys in a 80  T  400 K temperature range (besides usual temperature dependence with positive temperature coefficient of resistance) together with temperature dependence of ND spectra allows us to conclude that the martensitic transformation does not take place in these alloys.
At the same time, both Fe 50. 
